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H and 13 C NMR spectral data were recorded with a 400 MHz Bruker Avance spectrometer using TopSpin v.3.2. Spectra were referenced using the solvent residual signal as internal standard. The chemical shift values are expressed as δ values (ppm) and the value of coupling constants (J) in Hertz (Hz). The following abbreviations were used for signal multiplicities: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet; quin, quintet; sex, sextet; m, multiplet; and br, broad.Melting point data were determined using a Melt-Temp apparatus and are uncorrected. Recrystallization experiments were conducted at room temperature using reagent-grade solvents.
Dimethyl (2R,3R)-(+)-2,3-dihydroxybutanedioate, dimethyl (2S)-(-)-2-hydroxybutanedioate, dimethyl (±)-2,3-dihydroxybutanedioate, dimethyl (±)-2-hydroxybutanedioate
The procedure followed for the synthesis of the enantiopure and racemic esters was adapted from previous synthetic reports 1, 2 . To a round bottom flask, the appropriate acid (L-(+)-tartaric or L-(-)-malic, 1 equivalent) was added to anhydrous methanol (20 equivalents, dried over 4 Å molecular sieves) and stirred until dissolved. Thionyl chloride (2.5 equivalents) was slowly added at 0°C and left to cool for 15 minutes before being refluxed for 2 hours. The resulting solution was reduced under vacuo to remove the excess methanol and then subsequently extracted with deionized water (10 mL), saturated sodium bicarbonate (10 mL), brine (10 mL), and then 8 x 10 mL of EtOAc. The combined organic extracts were dried over anhydrous MgSO4 and then reduced under vacuo to give either pale-yellow oils or a colorless solid in 43-92% yield. The synthetic procedure followed for the synthesis of the enantiopure and racemic primary and methyl amides was adapted from previous procedures 3 . To the appropriate ester (1 equivalent), a solution of an amine (7 N ammonia in methanol or 2.0 M methylamine in THF, 50 equivalents) was added at 0°C over 15 minutes. The reaction flask was fitted with a rubber septum and the contents stirred for 2-3 days to give a colorless solid. The reaction mixture was vacuum filtered and a colorless solid (crystalline or powder) was recovered in 53-93% yield. Crystals viable for X-ray diffraction were obtained by slow evaporation from aqueous or anhydrous MeOH solutions at room temperature. 
Dimethyl (2R,3R)-(+)
-
S2. X-ray Crystallography
Crystallography. Crystallographic details for compounds ( Table S1 . X-ray data were collected on a Bruker APEX II CCD diffractometer using phi and omega scans with graphite monochromatic Cu Mo Kα (λ = 1.54178 Å) radiation. Data sets were corrected for Lorentz and polarization effects as well as absorption. The criterion for observed reflections is I > 2σ(I). Lattice parameters were determined from least-squares analysis and reflection data. Empirical absorption corrections were applied using SADABS. 5 Structures were solved by direct methods and refined by fullmatrix least-squares analysis on F 2 using X-SEED 6 equipped with SHELXS
7
. All non-hydrogen atoms were refined anisotropically by full-matrix least-squares on F 2 by the use of the SHELXL 8 program. H atoms (for OH and NH) were located in difference Fourier synthesis and refined isotropically with independent O/N-H distances or restrained to 0.85(2) Å. The remaining H atoms were included in idealized geometric positions with Uiso=1.2Ueq of the atom to which they were attached (Uiso=1.5Ueq for methyl groups). Molecular configurations were compared to both the known chirality of the tartaramide and malamide components and estimated Flack parameters 9 and where applicable, atomic coordinates were inverted to achieve correct structural configurations. Table S1 . Crystallographic data (continued). 
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S4. Computational Methods and Results
Density Functional Theory
Experimental crystal structure optimizations. All experimental crystal structures were optimized using plane-wave-based periodic DFT using the VASP 10111213 package. Structural optimization was performed in two steps to aid convergence --an initial optimization in which only atomic positions were optimized (i.e. the lattice parameters were held fixed at experimental values) followed by a second optimization in which both atomic positions and cell parameters are fully flexible. Throughout our calculations, the PBE exchange-correlation functional was employed, supplemented with the Becke-Johnson-damped Grimme D3 (GD3BJ) dispersion correction. All calculations made use of the projector-augmented wave (PAW) method 14 and the standard supplied pseudopotentials 15 . The following geometry optimization convergence criteria were used for all calculations: a plane-wave energy cutoff of 500 eV, an energy tolerance in convergence of the electronic minimization of 1 × 10 -7 eV per atom, and a force tolerance in the geometry optimization of 3 × 10 -2 eV Å -1 .
Single molecule calculations.
To be consistent with the periodic crystal structure calculations, single molecule energies were calculated using VASP and the same computational settings used for crystal structure calculations. Molecular geometries were extracted from the final, geometry optimized experimental crystal structures and placed in a cubic unit cell with cell lengths of 50 Å. This size was chosen as large enough that molecules do not interact with their periodic images. Single point energies were calculated, followed by geometry optimization of all atomic coordinates (with the unit cell fixed).
The lattice energy was calculated as the total energy of the geometry optimized crystal structure minus the energy of the lowest energy geometry optimized conformation of the constituent isolated molecules; no conformer prediction was performed, but we took the lowest energy of all instances of each molecule from all experimental crystal structures.
The intermolecular energy of each crystal structure was calculated as the total energy of the geometry optimized crystal structure minus the single-point energy of the isolated molecules in the geometry found in the optimized crystal structure.
The strain energy of each molecule in each crystal structure was calculated as the difference in energy between the single-point energy of the isolated molecules in the geometry found in the optimized crystal structure and the energy of the geometry optimized molecule, starting from the geometry in that crystal structure.
The conformational energy of each molecule in each crystal structure was calculated as the difference in energy between the single-point energy of the isolated molecules in the geometry found in the optimized crystal structure and the energy of the lowest energy geometry optimized version of each molecule, considering all molecular geometries of that molecule in all observed crystal structures.
Hypothetical crystal structure optimizations. Hypothetical quasiracemic crystal structures were created for the (+)-2-Me/(-)-3-Me and (+)-2-Bu/(-)-3-Bu systems by modification of the experimentally determined racemic (±)-2-Me, (±)-3-Me and (±)-3-Bu crystal structures.
(±)-2-Me was converted to two hypothetical (+)-2-Me/(-)-3-Me quasiracemates by replacing an OH group on the (-)-2-Me molecule with an H. Two options of which OH group to replace led to two possible quasiracemates with approximate inversion symmetry. We label these two structures as hypothetical quasiracemates A and B.
Two hypothetical quasiracemates (labelled C and D) with approximate inversion symmetry were also created from the observed (±)-3-Me crystal structure by modifying an H atom to an OH group. In this case, only one H atom can be modified to create a Me-tartaramide molecule of the correct stereochemistry to form a quasiracemate. However, there is still freedom in where to orient the hydrogen atom of the newly created OH group and two sensible orientations can be achieved, with the OH group forming an intermolecular hydrogen bond. In structure C, this hydrogen bond is formed with an amide oxygen of a neighboring molecule, while in structure D, the new hydrogen bond is formed with the oxygen atom of a hydroxyl group on a neighboring molecule. The structures are shown in Figure S1 . Figure S1 . Packing of hypothetical quasiracemates C and D created by mutation of one of the Me-malamide molecules in the experimentally determined racemate (top).
After geometry optimization, using the same computational settings used for the experimentally determined crystal structures, the energies of these four hypothetical quasiracemates relative to the observed quasiracemate (+)-2-Me/(-)-3-Me were: +29.62 kJ mol -1 (structure A); +9.07 kJ mol -1 (structure B); +20.02 kJ mol -1 (structure C) and +4.13 kJ mol -1 (structure D), all per pair of quasienantiomeric molecules.
A similar procedure was used to create two hypothetical quasiracemates of (+)-2-Bu/(-)-3-Bu from (±)-2-Bu, creating hypothetical structures E and F, whose calculated energies are 22.90 (structure E) and 23.19 kJ mol -1 above the energy of the experimentally determined quasiracemate (+)-2-Bu/(-)-3-Bu.
The structures of these six hypothetical structures are provided as part of the supplementary information.
Crystal Explorer
Crystal structure files of (±)-2-H, (±)-3-H, and (+)-2-H/(-)-3-H were used as input for Crystal Explorer 16 . Hirschfield surfaces were calculated for each component at the high accuracy level" for electron density under B3LYP/6-31G(d,p) in Tonto. Molecular clusters were prepared by completing fragments within 3.5 Å of a single reference molecule and those fragments that lacked hydrogen bond connectivity to the original reference molecule were removed. For quasiracemate (+)-2-H/(-)-3-H, two separate calculations were performed using the (+)-2-H or (-)-3-H as the reference molecule. Interaction energy calculations of the central molecule were performed using B3LYP/6-31G(d,p) in Tonto and the calculated energy was partitioned (i.e., electrostatic, polarization, dispersion, and exchange-repulsion) and weighted for total energy determination as prescribed by Crystal Explorer for Tonto (Table S3 ). The energy components for each compound were compared and identified as illustrated in Figure S2 
S5. Differential Scanning Calorimetry
DSC experiments were carried out on a TA DSC-25 using sealed aluminum Tzero pans. All samples were processed with a 10 °C/min ramp rate and dry N2 purge gas. No cooling curves were produced due to decomposition of samples upon heating above -this decomposition was especially noticeable for (±)-3-H at temperatures above the melting point. Thermodynamic data provided below were calculated for each racemic and quasiracemic pair of molecules. 
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